Introduction
The recent financial crisis and the subsequent recession have spurred great interest in searching for the sources of unemployment fluctuations, particularly in exploring the importance of the frictions and shocks in the financial sector for explaining labour market dynamics. Recent work, namely by Christiano, Trabandt and Walentin (2011) and Zhang (2011a and b) , has applied the Bayesian maximum-likelihood method to estimate medium-scale dynamic stochastic general equilibrium models in order to assess the contribution of a variety of shocks to unemployment fluctuations, with the focus on financial shocks "relative" to other shocks. Christiano, Trabandt and Walentin (2011) find that the domestic markup shock is the most important shock, explaining more than 20 per cent of unemployment fluctuations in the Swedish economy, and that the financial wealth shock explains about 10 per cent; Zhang (2011a and b) finds that technology, investment and financial wealth shocks account for most of the unemployment fluctuations in the United States and Canada, with financial wealth shocks explaining about 30 per cent of the fluctuations. 1 In these studies, there is only one aggregate labour market. This not only assumes away the labour market differences across sectors, but also ignores the potential impacts of the sector-specific shocks on unemployment at the aggregate level. In reality, however, economies consist of multiple sectors, and there are significant differences in terms of the dynamics of the key labour market variables across sectors in the Canadian economy: employment in the tradable sector (manufacturing industries) is almost three times as volatile as that in the non-tradable sector (mainly services industries), and wages are about twice as volatile. Moreover, during the recent financial crisis, one distinct feature is that job loss is not evenly distributed across sectors in Canada. The tradable sector has been more affected than others: despite employing only about 20 per cent of the total labour force, it accounted for over one-half of the total job loss. This suggests that the shocks occurring in one sector can be an important source of aggregate unemployment fluctuations. Shocks at the sectoral level require resources to move from contracting to expanding sectors. However, it is usually more difficult for workers who lost jobs in one sector to find jobs in the other sector. As long as job losses occurring in the contracting sectors are not fully offset by the expanding sectors, sector-specific shocks will have an impact on aggregate unemployment variations. 2 In order to capture the sectoral differences, I introduce a segmented labour market structure into a multiple-sector small open-economy model with both financial and labour market frictions. I model the financial and labour market frictions similar to Christiano, Trabandt and Walentin (2011) and Zhang (2011a and b) : financial frictions are introducedà la Bernanke, Gertler and Gilchrist (1999) -to finance capital acquisition, entrepreneurs in each sector need to pay a risk premium in order to obtain external funds from financiers, and the risk premium depends on entrepreneurs' balance-sheet positions. Labour market frictions are modelled using the Mortensen-Pissarides-Diamond framework -which assumes that there are search frictions in the labour market and that unemployment is an equilibrium outcome. The new feature is the segmented labour market structure. There are two separate labour markets in the model: one for the tradable sector, and one for the non-tradable sector. The labour market parameters are sector-specific. As a result, in one sector, the labour market may be tighter than in the other, and the wage contract may be less sticky than in the other. These features, from the unemployed workers' perspective, make the labour market in that sector less frictional, because it is easier for them to find jobs. In addition, the frictions related to labour mobility are modelled in the following way: for workers willing to move across sectors, they first must be separated from jobs in one sector and become unemployed. The separation rate is exogenously given. Once unemployed, they have a chance to search for jobs in the other sector and the probability of finding a job depends on the labour market tightness in that sector. I estimate the model using Canadian data from 1991Q1 to 2010Q4. The main findings are as follows. First, given that none of the labour market variables are used in the estimation, the model performs particularly well in terms of matching the key features in the labour market: it not only matches the fact that aggregate unemployment is much more volatile than output, but also generates labour market dynamics differences at the sectoral level. In particular, the model matches very well the relative volatility of real wages. It also captures almost half of the relative volatility of employment and output. These sectoral differences are mainly explained by sector-specific technology and financial wealth shocks. Second, the estimation results show that the degrees of frictions in the labour and financial markets are indeed different for the two sectors: compared to the tradable sector, the elasticity of external finance for the non-tradable sector is about ten times larger, and the average wage contract is about twice as long. Third, the financial wealth shocks -the shocks to the net worth of the entrepreneurs -are the most important shocks for explaining the unemployment fluctuations in the Canadian labour market. In the long run, the financial wealth shocks in the nontradable sector, together with the technology shocks in the non-tradable sector and foreign interest rate shocks, explain about 70 per cent of the unemployment variations. In the short run, it is the financial wealth shock in the tradable sector that explains about half of the unemployment variations. Fourth, I find that it is crucial to include the data from the recent financial crisis in the estimation. Compared to the pre-financial crisis subsample results, the estimated financial shocks based on the full sample are more volatile and the external finance premium is more responsive, suggesting that the data from the recent financial crisis might play an essential role in determining the importance of the financial wealth shocks.
Lastly, I extend the model to include a commodity production sector. Since Canada is a net exporter of commodities, commodity price fluctuations in the world market can lead to fluctuations in the terms of trade, and this can have an important impact on the tradable and non-tradable sectors. The results show that, in the presence of commodity price shocks, financial wealth shocks still remain relatively important, accounting for close to 20 per cent of the unemployment fluctuations. The paper is organized as follows. In the next section, I document some empirical facts regarding sectoral differences. In section 3 I describe the model, and in section 4 I discuss the data and estimation strategy. In section 5, I report the estimation results and discuss the effect of the sectorspecific shocks on aggregate unemployment fluctuations. In section 6, I extend the model to include a commodity sector. In section 7, I offer some concluding remarks.
Sectoral Differences: Some Empirical Facts

Output, employment and wages
Throughout the paper, the tradable sector refers to manufacturing industries, and the non-tradable sector refers to the rest of the economy but excludes agriculture and natural resources. 3 The data used in this section and the estimation section are from Statistics Canada. Output is measured by real GDP and expressed in per capita terms using the civilian population aged 15 and up. Wages are measured using an index of average hourly earnings. All three of the series are logged and detrended using the Hodrick-Prescott (HP) filter with smoothing parameter 1600. Figures 1 and 2 plot the output, employment and wages for the tradable and non-tradable sectors from 1991Q1 to 2010Q4, and they clearly show that all three variables are more volatile in the tradable sector compared to the non-tradable sector. Table 1 provides the standard deviations of output, employment and wages for the two sectors. The relative volatility in the third row is computed by normalizing the standard deviations of the three variables in the tradable sector on their non-tradable counterparts. Table 1 further quantifies the difference in volatilities across the two sectors: output in the tradable sector is about 4 times as volatile as that in the non-tradable sector, employment is about 3 times, and wages are about 2 times.
The Model
I consider a small open economy that consists of three sectors: the tradable, non-tradable and imported-goods sectors. Labour markets for the tradable and non-tradable sectors are segmented. In each labour market, employment agencies post vacancies and hire workers seeking jobs in that sector. The sector-specific employment agencies supply labour services to the entrepreneurs in that sector, who produce sector-specific intermediate goods using labour services and capital. Since entrepreneurs need to borrow to finance capital purchases, they are subject to financial frictions. Entrepreneurs supply intermediate goods to retailers in each sector, who produce final goods. A representative household with a large family structure has a fraction of its members unemployed, and the rest are employed in either the tradable or non-tradable sector. The household consumes, saves in domestic bonds and foreign bonds, pays taxes, and receives profits from retailers in each sector. In addition, there are capital producers, a government that balances the budget and a central bank that implements a simple interest rate rule. In this section, I describe the role of each agent in the model.
Household
Each member in the household performs a number of functions: it consumes, holds both nominal domestic bonds B t and foreign bonds B * t (denominated in foreign currency), receives dividends from retailers Π t , and pays taxes T t . At time t, a fraction of household members are employed, n t , and a fraction are unemployed u t = 1 − n t . For the employed household members, n T,t of them are employed in the tradable sector, and n N,t in the non-tradable sector. For those who are unemployed, u T,t of them search for jobs in the tradable sector, and u N,t of them search for jobs in the nontradable sector. The employed family members earn nominal wages W T,t and W N,t , respectively. The unemployed members receive unemployment benefits ub t . Following Andolfatto (1996) and Merz (1995) , family members are assumed to be perfectly insured against the risk of becoming unemployed. Thus consumption is the same for each family member. The budget constraint for the representative household is
where both W T t and W N t are determined by Nash bargaining between employment agencies and workers. The labour supply n T,t and n N,t is determined by a search and match process. The nominal exchange rate is denoted by e t . The return on the foreign bonds, κ h t R * t , depends on the foreign interest rate R * t and a country-specific risk premium κ h t , which is assumed to be an increasing function of the net foreign-debt-to-GDP ratio:
where υ > 0, y t is real GDP andB * t is the total level of indebtedness of the economy. Given the budget constraint equation (1), the representative household chooses c t , B t and B * t to 4 maximize the lifetime utility:
where c t is the consumption of final goods in period t and µ t is a preference shock that follows
The first-order conditions yield
where π t = P t /P t−1 is the CPI inflation rate and s t = e t P * t /P t is the real exchange rate. P * t is a foreign price index. Equations (2) and (3) imply the uncovered interest rate parity condition:
Employment agencies
Following Christiano, Trabandt and Waletin (2011) , I model employment agencies as intermediaries between the representative household (who supply labour) and entrepreneurs (who demand labour to produce wholesale goods). 4 The labour market is modelled using a standard search framework. On the one hand, the employment agencies post vacancies and bargain over wages with workers; on the other, they combine labour supplied by households into homogeneous labour services and supply them to entrepreneurs at a competitive price. The labour market is segmented. Thus, employment agencies in the tradable sector (non-tradable) post vacancies only in the tradable (non-tradable) sector. Unemployed workers need to decide which sector to search. In equilibrium, searching for jobs in each sector gives the same expected payoff.
In the beginning of period t, in each sector i, employment agency j employs n i,t (j) workers, and posts v i,t (j) vacancies to attract new workers. The total number of vacancies and the number of employed workers are denoted as v i,t = v i,t (j)dj and n i,t = n i,t (j)dj. The number of unemployed workers at the beginning of period t is
The number of new hires m i,t is given by a standard Cobb-Douglas aggregate matching technology,
where µ i,m is the parameter governing matching efficiency. The probability that a firm fills a vacancy in period t, q l i,t , is given by
Similarly, the probability that a searching worker finds a job, s l i,t , is given by
Both firms and workers take q l i,t and s l i,t as given. In each period, a fraction 1 − ρ i of the existing workforce n i,t exogenously separates from the firms. The total labour force is the sum of the number of surviving workers and the new matches:
I define the hiring rate, x i,t (j), as the ratio of new hires, q l i,t v i,t (j), to the existing workforce, n i,t (j):
The value of the employment agency F i,t (j) is
is the quadratic costs of adjusting employment, and βE t Λ t,t+1 is the employment agency's discount rate with Λ t,t+1 = c t /c t+1 . At any time, the employment agency chooses the hiring rate x i,t (j) to maximize F i,t (j), given the existing employment stock n i,t (j), the probability of filling a vacancy q l i,t, , and the current and expected path of nominal wages W i,t (j). Define the real wage as w
. The value to the employment agency of adding another worker at time t, J i,t (j), can be obtained by differentiating F i,t (j) with respect to n i,t (j):
The first-order condition for vacancy posting equates the marginal cost of adding a worker with the 6 discounted marginal benefit:
For workers, the value to a worker of employment at agency i, V t (j), is
The value of unemployment, U i,t , is
where V i,t is the average value of employment for a new worker at time t. 5 The workers' surplus for having a job at employment agency j, H i,t (j), is
Given that
For an unemployed worker, the expected payoff of searching for jobs in either sector must be equal. In equilibrium, a lower job-finding rate in one sector must be compensated by a relatively higher surplus of having a job in that sector. Employment agencies and workers negotiate a nominal wage W i,t (j) to maximize the joint product of the workers' surplus H i,t (j) and the employment agencies' surplus J i,t (j). However, every period, each employment agency has only a fixed probability 1 − λ i to negotiate with workers. The Nash bargaining problem between employment agencies and workers is
where π is the steady-state inflation rate. The equation for the real wage w * i,t derived from this staggered contracting is
The first term of equation (4) is the worker's contribution to the match, and the second is the worker's opportunity cost. These are conventional components for Nash bargaining solutions for wages. The third term is from the staggered multi-period contracting. Finally, the aggregate real wage w i,t can be expressed as 6
Entrepreneurs
There are entrepreneurs in both the tradable and non-tradable sectors. Following Bernanke, Gertler and Gilchrist (1999) , entrepreneurs are risk-neutral and have a finite life. Using a Cobb-Douglas technology, in each sector i, at each period t, entrepreneur j uses capital k i,t (j) and labour services l i , t (j) to produce wholesale goods y i , t (j):
where a i,t is the technology shock that follows
Entrepreneurs purchase capital at price q i,t from capital producers, using both their own net worth N i,t and bank loans. Given that a significant portion of the financing of Canadian corporations is raised in the United States, I assume that Bank loans can originate from both the domestic market B i,t and the international market B * i,t . 7 Entrepreneurs can default due to idiosyncratic shocks, and since only they observe the realization of those shocks, the optimal loan contract in Bernanke, Gertler and Gilchrist (1999) is such that the entrepreneurs pay a risk premium on loans. Thus for the domestic loans, the external finance premium, rp(.), depends on the entrepreneur's balance-sheet position. At the aggregate level it can be characterized by
where rp (.) > 0 and rp(1) = 1. Equation (5) expresses that, in each sector, the external finance premium increases with leverage. For the loans from the international market, I assume that entrepreneurs need to pay R * t κ rp i,t , where R * t is the foreign interest rate and κ rp i,t is a risk premium related to industry i when borrowing from abroad. It is assumed that this industry-specific risk premium κ rp i,t is an increasing function of the fraction of foreign loans in total debt,
where ς i > 0 is a parameter determining the relative size of B i,t (j) and B * i,t (j) for each sector. The reason for having κ rp i,t is mainly due to technical concerns. Without it, the foreign debt at the sectoral level may be non-stationary, complicating the analysis of local dynamics. The one-period profit function for entrepreneur j is
where p w i,t is the relative price for the wholesale goods in sector i, and p l i,t is the labour service price.
The first-order condition yields:
The expected return on capital in each sector is defined as
In each sector, the expected return on capital must equal the expected costs of external finance:
The demand for foreign debt for each sector is determined by
].
Finally, the aggregate net worth in each sector is given by
where η e i is the survival rate of entrepreneurs for each sector, and γ i,t is an exogenous shock to the survival probability. Following Christiano, Motto and Rostagno (2010) , I interpret this shock as a financial wealth shock to the entrepreneurs. This shock affects the aggregate financial wealth of the entrepreneurs as follows: in the model, the number of entrepreneurs exiting is balanced by the number that enter. Since those who exit usually have more net worth than those who enter, when a positive (negative) shock occurs, the aggregate net worth of entrepreneurs increases (decreases). I assume that γ i,t follows an AR(1) process:
Entrepreneurs that are going out of business consume their residue equity:
The aggregate demand for labour services is relatively simple. Given that the aggregate production function is constant returns to scale,
the aggregate labour demand equation can be written as
where l i,t is the labour services supplied by employment agencies in sector i, (1 − α) y i,t l i,t is the marginal product of labour services, p w i,t is the relative price for wholesale goods and p l i,t is the relative price for labour services.
Capital producers
Capital producers use investment goods to produce new capital purchased by entrepreneurs. At the end of period t, they buy investment goods I t , at real price p I,t = P I,t /P t to produce sector-specific capital that can be used by entrepreneurs at time t + 1. Capital production in each sector is assumed to be subject to an investment-specific shock, τ i,t , which follows an AR(1) process:
Following Christiano, Eichenbaum and Evans (2005) , I assume that capital producers in each sector face investment adjustment costs S(I i,t , I i,t−1 ), such that in steady state S = S = 0 and S > 0, and ξ i > 0 is an investment adjustment cost parameter. The production of each capital stock yields the following time-t profit function:
The aggregate stock of capital evolves as follows:
Sectoral goods producers
There are sectoral goods producers in all three sectors: the tradable, non-tradable and importedgoods sectors. The sectoral goods producers in both the tradable and non-tradable sectors buy the corresponding inputs from entrepreneurs; those in the imported-goods sector buy foreign homogeneous intermediate inputs, differentiate them slightly into z i,t (j), and sell the product at price p i,t (j). The final goods for each sector i, z i,t , are the composite of individual variety,
The price index that minimizes the sectoral goods producers' cost function is
Following Calvo (1983) , in each period, only a fraction 1 − ν i of retailers reset their prices, while the remaining retailers keep their prices unchanged. The retailer chooses p i,t (j) to maximize its expected real total profit over the periods during which its prices remain fixed:
where mc i,t is the real marginal cost, namely, the price of wholesale goods relative to the price of sectoral final goods (p w i,t /p i,t ). The real marginal cost for imported intermediate goods is e t P * t for a given nominal exchange rate, e t , and a foreign price level, P * t . ∆ p t,i ≡ β i c t+i /c t is the stochastic discount factor. Let p * t be the optimal price chosen by all firms adjusting at time t. The first-order condition is
The aggregate price evolves according to
Retailers in the tradable sector produce goods for domestic use, z d T,t , and exports, z e T,t , so that z T,t = z d T,t + z e T,t . The aggregate foreign demand function for exports of manufactured goods is
where Y * t is foreign output. The elasticity of demand for domestic manufactured goods among foreigners is −ν, and > 0 is a parameter determining the fraction in foreign spending of domestic manufactured goods exported.
Aggregate final-goods producers
A representative firm acts in a perfectly competitive market and uses sectoral output to produce final consumption and investment goods, x j t , with j = {C, I}, according to the following constant elasticity of substitution technology:
where ω j T , ω j N and ω j F denote the shares of domestically used tradable, non-tradable and imported composite sectoral goods in the final goods, respectively, with ω j T + ω j T + ω j F = 1, and ν j > 0 is the elasticity of substitution between sectoral goods:
I further define the model's GDP at constant prices as
where p I and p T are the steady-state prices of investment goods and tradable goods in real terms, and s is the real exchange rate at the steady state.
Government
The government is assumed to balance its budget,
where G t follows an AR(1) process,
Monetary policy rules
The central bank adjusts the nominal interest rate R t according to a simple interest rate rule:
Aggregation and equilibrium
At the equilibrium, the final consumption goods x C t are divided among households' consumption c t , government spending g t , and entrepreneurs' consumption ce T,t + ce N,t . In addition, they are also used to cover the vacancy posting costs κ N 2 x 2 N,t n N,t + κ T 2 x 2 T,t n T,t :
The production of investment goods equals the use of investment in the production of capital goods:
A current account equation is yielded by combining the household's budget constraint, government budget, single-period profit functions of firms that produce tradable and non-tradable goods, and foreign goods importers. Under the producer currency pricing assumption, the current account equation in real terms is given by
where b * t = B * t /P * t is the stock of real foreign debt in the domestic economy, z e T,t is the aggregate foreign demand function for exports of manufactured goods and z F,t is the final good for the imported goods sector.
Estimation
Calibrated values
I use Bayesian techniques to estimate the model for the Canadian economy. The data sample spans from 1991Q1 to 2010Q4. Some parameters are calibrated to match the salient features of the Canadian economy, and Table 2 reports these parameters and their calibrated values.
For most parameters that govern the sectoral shares, I use the calibrated values in Dib, Mendicino and Zhang (2008) . The calibrated value for the discount factor, β, is set at 0.99, which implies an annual steady-state real interest rate of 4 per cent. The curvature parameter in the utility function, γ, is set at 2, implying an elasticity of intertemporal substitution of 0.5. The capital shares in the production of tradable and non-tradable goods, α T and α N , are set at 0.35 and 0.3, which are close to the values suggested by Macklem et al. (2000) . The capital depreciation rate, δ, is assumed to be common to both tradable and non-tradable sectors, and is set at 0.025, a value commonly used in the literature. Following Dib (2008) , the shares of tradable, non-tradable and imported goods in the production of consumption goods, ω C T , ω C N , and ω C F , are set at 0.1, 0.57 and 0.33, respectively. Since the share of imported goods in the production of the investment goods is higher than that in consumption goods production, I set ω I T , ω I N and ω I F equal at 0.2, 0.4 and 0.4, respectively. The parameter measuring the degree of monopoly power in the intermediate-goods markets, θ, is set at 6, which implies a 20 per cent markup in the steady state. Based on Dib (2003) , both the elasticity of substitution between tradable, non-tradable and imported goods in the production of final consumption goods, ν C , and the elasticity of demand for domestic manufactured goods among foreigners, ν, are set equal at 0.8. The elasticity of substitution between tradable, nontradable and imported goods in the production of final investment goods, ν I , is set at 0.6, implying that imported goods are less substitutable in producing investment than against the consumptiongood production. Following Dib, Mendicino and Zhang (2008) , I set the parameters determining the steady-state leverage ratios for tradable and non-tradable sectors, k T and k N , at 0.7 and 0.6, respectively. In calibration, the following functional form is used for the external finance premium:
where χ is the elasticity of the external risk premium with respect to leverage and χ > 0. χ can be viewed as a "reduced-form" parameter capturing financial market frictions. 9
The steady-state gross domestic and foreign inflation rates, π and π * , equal 1.0048 and 1.0052, respectively, which are the historical averages over the estimation sample for Canada and the United States. I calibrate the parameter υ, which determines the country-specific risk premium, to match a ratio of foreign debt to GDP of about 30 per cent, as in the data.
For most labour market parameters, I use values from Zhang (2011a and b) . The bargaining power parameter, η, is set at 0.5, which is commonly used in the literature. The elasticity of matches to unemployment, σ m , is set at 0.5, the midpoint of values typically used. Following the suggestion of Zhang (2008) , the aggregate job-separation rate, 1 − ρ, is set at 0.09, matching the average job duration of 2.8 years in Canada; the aggregate job-finding rate s l is, accordingly, set at 0.927, matching the fact that one-third of unemployed workers find jobs within one month. I normalize the mean of market tightness to 1, which implies that the value of µ m in the matching function equals the quarterly job-finding rate. Following Gertler, Sala and Trigari (2008) , I express ub, the steady-state flow value of unemployment, as
whereb is the fraction of the worker's contribution to the job. Following Shimer (2005) , I setb at 0.4. Several new parameters arise from the fact that the labour market is segmented and entrepreneurs can borrow from both domestic and foreign lenders. The survival rate of jobs in the tradable sector, ρ T , is set at 0.94, which is taken from Tapp (2011) . The steady-state fraction of employed workers in the tradable sector, θ e , is set at 0.2, to match the data. I use debt allocation data from the Survey 
Data and priors
Bayesian techniques are used to estimate the model. Because the dynamics of the key variables for the rest of the world are exogenous to the Canadian economy, I assume that foreign output, inflation and the nominal interest rate all follow an AR(1) process and estimate the parameters governing these processes separately. Following the literature, I assume that foreign shocks' autoregressive coefficients follow a beta distribution with a mean of 0.6, and that the standard deviations of the shocks follow an inverse-gamma distribution with a mean of 0.5 per cent and a standard deviation of 2. I use U.S. quarterly real GDP per capita for the foreign output, the federal funds rate in quarterly terms for the foreign interest rate, and the quarter-to-quarter growth rate of the GDP deflator for foreign inflation. Foreign output is logged and HP-filtered, and both the foreign nominal interest rate and inflation are detrended by their means. Table 3 reports the priors and the modes for the posterior distribution.
Taking the estimated foreign shocks as given and using quarterly Canadian data from 1991Q1 to 2010Q4, I estimate the main model using nine series: output in the tradable sector, output in the nontradable sector, consumption, investment, government spending, the nominal interest rate, inflation, the risk premium and the real exchange rate. Output is measured by real GDP. Consumption is measured by real expenditures of non-durable goods, semi-durable goods and services. Investment is measured by the sum of business gross fixed capital formation, investment in inventories and real expenditure of durable goods. Data on these real variables are expressed in per capita terms using the civilian population aged 15 and up. The nominal interest rate is measured by the overnight rate in quarterly terms. Inflation is the quarter-to-quarter growth rate of the core CPI. The risk premium is measured by the difference between business prime lending rates and the nominal interest rate. 10 The real exchange rate is measured by multiplying the nominal US$/Can$ exchange rate by the ratio of U.S. to Canadian prices. The series of tradable output, non-tradable output, consumption, investment, government spending and real exchange rate are logged and detrended using the HP filter with smoothing parameter 1600. Next, the series of domestic nominal interest rate, inflation and risk premium are detrended by their means.
There are twelve behavioural parameters to estimate: the elasticity of the external risk premium for both tradable and non-tradable sectors χ T and χ N ; the investment adjustment cost parameter for both tradable and non-tradable sectors ξ T and ξ N ; the Calvo price parameters for all three tradable, non-tradable and imported-goods sectors ν T , ν N and ν F ; the Calvo wage parameters for both tradable and non-tradable sectors λ T and λ N ; and the Taylor rule parameters ρ π , ρ y and ρ r . I also estimate the first-order autocorrelations of all the exogenous shocks and their respective standard deviations.
For most of the priors, I follow the literature. I use beta distributions for all parameters bounded in the [0,1] range. This applies to the shocks' autoregressive coefficient, whose mean I set at 0.6. The parameters of nominal rigidities for prices and wages are also assumed to follow a beta distribution with a mean of 0.75, which corresponds to changing prices and wages every 4 quarters on average. Gamma and inverse-gamma distributions are assumed for parameters that are supposed to be positive. The priors on the investment adjustment cost and risk-premium elasticity are in line with previous literature. For the standard deviation of the shocks, I assume an inverse-gamma distribution with a mean of 0.5 per cent and a standard deviation of 2. The prior assumptions on the monetary policy parameters allow for a range of interest rate inertia between 0 and 1, and a positive response to inflation. I use a normal distribution for the reaction to output in order to allow for a negative response. The priors are reported in Tables 4 and 5. 11 Table 4 reports the mode, the mean and the 5th and 95th percentiles of the posterior distribution of the behavioural parameters. The estimates indicate significant heterogeneity across sectors. In this section, I focus on the modes of the estimated parameters that reflect the sectoral differences. The estimates of the risk-premium elasticity parameters, χ T and χ N , are quite different for the two sectors: χ T is estimated to be about 0.02, while χ N is estimated to be 0.2. In the non-tradable sector, the external finance costs are 10 times as responsive to firms' balance-sheet positions as those in the tradable sector, suggesting that the degree of financial frictions is higher for the firms in the non-tradable sector. 12 The staggering wage contract parameters, λ T and λ N , are estimated at 0.57 and 0.80, respectively, suggesting that wages remain unchanged on average for about 2.3 quarters in the tradable sector and for about 5 quarters in the non-tradable sector. The sectoral differences are also captured by the sticky price parameters. For the tradable sector, ν T is estimated to be 0.73, implying that the expected price duration is 3.7 quarters. For the non-tradable sector, ν N is estimated at 0.60, suggesting that the expected price duration is 2.5 quarters. The estimates for the rest of the parameters are consistent with the existing studies in the literature. Table 5 reports the mode, the mean and the 5th and 95th percentiles of the posterior distribution of the shock processes. The estimates also suggest significant heterogeneity across sectors. For example, the technology shock in the tradable sector is about 4 times as volatile as that in the non-tradable sector (0.017 versus 0.004). The financial wealth shocks are quite different for the two sectors as well: compared to the non-tradable sector, the shock in the tradable sector is less persistent (0.63 versus 0.88), but more volatile (0.008 versus 0.003). Among all the shocks, the technology shock in the non-tradable sector is the most persistent, with an autoregressive coefficient of 0.97, and the preference shock is the most volatile, with a coefficient of standard deviation of 0.01.
Results
Estimates
Fit of the model
I first examine how well the model economy is able to account for the overall volatility in the data. Table 6 reports the standard deviations (normalized relative to output) for the nine key variables. On the whole, the model appears to capture well the basic features of the data. The model comes quite close in terms of matching the volatility in aggregate investment i, consumption c, and risk premium rp. Additionally, it captures more than half of the relative volatility in the real exchange rate s, and inflation π. The model also captures about 40 per cent of the relative volatility in the nominal interest rate r. For the key labour market variables, the model is able to capture the fact that unemployment is much more volatile than output, although it slightly overestimates the relative volatilities for both employment and unemployment.
Next, I study whether the model economy is able to capture the sectoral differences in output, employment and wages observed in the data. For each variable, I normalize the standard deviations in the tradable sector to those in the non-tradable sector and report the relative volatilities in the data and model in Table 7 . In the data, output in the tradable sector is about 4 times as volatile compared 12 In the literature, χ is typically calibrated at 0.05, although some work based on estimation suggests that it can be larger. For example, De Graeve (2008) estimates χ to be 0.10; Zhang (2011 a and b) suggests that χ can be as large as 0.20. The result here -χ N is about 10 times larger than χ T -is quite different from the estimates in Dib, Mendicino and Zhang (2008) , which also estimate these two elasticities using the Canadian data. In Dib, Mendicino and Zhang (2008) , χ N = 0.028 and χ T = 0.033. However, their results are based on an unrealistic assumption that the tradable sector can obtain outside financing only from the international financial market, and the non-tradable sector can obtain financing only from the domestic market. Nonetheless, more work is necessary to ensure the robust identification of these two parameters. I leave this to future research. Financial wealth shocks in the two sectors also contribute significantly to the other key macro variables. In the tradable sector, they account for about 22 per cent of the volatility in consumption, 46 per cent in the nominal interest rate and 36 per cent in inflation; financial wealth shocks in the non-tradable sector explain about 79 per cent of the variations in investment and 20 per cent in consumption. These shocks seem to "crowd out" the investment-specific shocks, which have limited importance for all the variables. For the rest of the shocks, technology shocks in the non-tradable sector contribute significantly to consumption (25 per cent), monetary policy shocks contribute significantly to inflation (37 per cent) and foreign interest rate shocks are important for explaining the variations in the exchange rate (74 per cent).
Sources of labour market fluctuations
Given the focus in this paper on unemployment fluctuations, I also report the forecast error variance decomposition at selected finite horizons (Table 9 ). It is interesting to note that, within a year, the financial wealth shock in the tradable sector is the main driving force of the unemployment dynamics, explaining more than half of the variations.
Model dynamics
Given the importance of the sector-specific financial wealth and technology shocks for explaining the movement in aggregate unemployment, in this section I use these two shocks in the tradable sector to illustrate how the key variables of the model economy respond to them. Figure 3 illustrates the responses of the key variables in the model to a one-standard-deviation increase in financial wealth in the tradable sector. The solid line in each panel illustrates the response of the respective variable in the sector where the shocks occur (tradable sector). The dotted line reports the responses of the same variables in the other (non-tradable) sector. The last two panels report the responses of aggregate employment and unemployment.
A positive financial wealth shock increases entrepreneurs' net worth in the tradable sector. On the one hand, in the tradable sector the rise in net worth causes the external finance premium to decline, leading entrepreneurs to increase their demand for capital. However, this rise in demand is not accompanied by a rise in demand for labour (albeit labour demand rises slightly in the initial periods). Instead, entrepreneurs in the tradable sector substitute labour services with capital, and the demand for labour services declines. The hiring rate in the tradable sector declines after the initial rise, causing the decline in employment. On the other hand, the hiring rate and employment both rise in the non-tradable sector, because the rise in capital demand from the tradable sector pushes up the capital prices, forcing entrepreneurs in the non-tradable sector to face a higher leverage. The risk premium rises significantly in the non-tradable sector given that the value of elasticity of external finance is very high χ N = 0.2. The demand for capital decreases: entrepreneurs in the non-tradable sector substitute capital with labour, and thus the demand for labour rises in this sector. The rise in the hiring rate in the non-tradable sector not only absorbs its unemployed workers, but also attracts unemployed workers from the tradable sector. Overall, both unemployment rates in the tradable and non-tradable sectors decrease, leading to a decline in the aggregate unemployment rate. Figure 4 shows the response of the model to a positive technology shock in the tradable sector. Initially, output in the tradable sector rises after the shock. In contrast to the case with the financial wealth shock, the rise in output from a technology shock demands more labour services instead of capital. Thus, the hiring rate rises and the tradable sector employs more workers. However, the rise in labour demand drives up wages, leading to a decline in labour demand in the non-tradable sector. More unemployed workers in the non-tradable sector move to the tradable sector to look for jobs. Overall, the movement in the aggregate unemployment rate is mitigated by the fact that the rise in unemployment in the non-tradable sector partly cancels out the decline in the tradable sector.
Importance of market segmentation
In this section I restrict certain features to be the same across the two sectors and re-estimate the model. I then compare the log-likelihoods of these estimations with the baseline model to examine how crucial it is to allow the two sectors to be different. In the first exercise, I restrict the elasticity of external finance so that it is the same across the two sectors by assuming χ N = χ T = 0.02. In the second exercise, I restrict the Calvo wage rigidity parameter in the non-tradable sector so that it has the same value as that in the tradable sector, λ N = λ T = 0.57. Table 10 provides the estimates of the modes of the parameters and the log data densities. In both cases, the restrictions lead to a deterioration of the marginal likelihood. When the nominal wage contract lengths in the two sectors are restricted to be the same, λ N = λ T = 0.57, the log data density falls by 65 points. When the two sectors are restricted to have the same degree of financial market frictions, χ N = χ T = 0.02, the likelihood falls even more, by 90 points.
Subsample estimates
The estimation results can be sensitive to the sample period. In particular, the important role of the financial wealth shocks might be directly linked to the inclusion of the recent financial crisis data in the estimation. In this section I re-estimate the model using a pre-financial crisis subsample, 1991Q1 1991-2007 1991-2010 1991-2007 1991-2010 Table 11 compares the modes of the posterior distribution of the model parameters over the subsample and our baseline sample. The noticeable changes regarding the financial frictions and shocks are as follows: the estimates of the elasticity of the external risk premium in the two sectors χ T and χ N are reduced from 0.019 to 0.009 and from 0.200 to 0.154, respectively, suggesting that, before the financial crisis, firms' borrowing costs are less sensitive to their balancesheet conditions. Moreover, financial wealth shocks are less volatile in the subsample compared to the baseline sample (0.005 versus 0.008 for the tradable sector, and 0.001 versus 0.003 for the non-tradable sector). Due to these differences, a smaller fraction of the labour market fluctuations are explained by the financial shocks for the pre-crisis subsample (Table 12) . Overall, about 13 per cent of the unemployment fluctuations are explained by the financial wealth shocks, with each sector contributing about 6 per cent. These results suggest that the data from the recent financial crisis period play an essential role in determining the importance of the financial wealth shocks. Given that Canada is a net exporter of commodities, commodity price fluctuations in the world market can lead to fluctuations in the terms of trade, and this can have a notable impact on the tradable and non-tradable sectors. As a result, commodity price shocks can potentially be an important source of unemployment fluctuations. In order to assess whether the financial wealth and technology shocks will remain the main driving forces for unemployment fluctuations in the presence of commodity price shocks, in this section I introduce a commodity sector to the model and describe the modifications.
Commodity sector
In order to capture the importance of natural resources for production in the commodity sector, the production inputs include capital, labour and land. The commodity output is divided between domestic uses (as direct inputs in the tradable and non-tradable sectors) and exports. The commodity sector is indexed by X. At each period t, entrepreneur j in the commodity sector uses capital, k X , t , labour services, l X,t , and land, L X,t , to produce commodity output y X , t using a Cobb-Douglas technology, y X,t (j) = a X,t (k X,t (j)) αx (l X , t (j)) βx (L X , t (j)) 1−αx−βx ,
where α x , β x are shares of capital, and labour services in the production of commodities. The supply of land L X,t is assumed to evolve exogenously according to the following AR(1) process:
It is assumed that the nominal commodity price P * X,t is determined exogenously in world markets and denominated in the foreign currency. 14 It follows an AR(1) process:
The one-period profit function for entrepreneur j is
where s t p * X,t is the relative price for the commodity output that the entrepreneur produces and p l X,t is the labour service price. The entrepreneur purchases capital at price q X,t from capital producers. For simplicity, I assume that the entrepreneur in the commodity sector does not face financial frictions. The entrepreneur in the commodity sector chooses l X,t (j), k X,t+1 (j) and L X,t to maximize
and L X,t (j) : s t p * X,t ∂y X,t (j) ∂L X,t (j) = p L X,t .
Modifications in the labour market
As in the benchmark model, the labour market is segmented. Employment agencies in the commodity sector post vacancies for entrepreneurs, and unemployed workers need to decide which sector to search. Those seeking jobs in the commodity sector are denoted as u X,t . In equilibrium, searching for jobs in any of the sectors gives the same expected payoff for them. The number of unemployed workers at the beginning of period t is
where n X,t is the number of employed workers in the commodity sector. For an employment agency in the commodity sector, the value of adding another worker at time t is the price of selling one unit of labour service p l X,t , minus the wage cost W X,t (j) p X,t and hiring costs κ X 2 x X,t (j) 2 , plus the continuation value of the filled vacancy:
The first-order condition for vacancy posting equates the marginal cost of adding a worker with the discounted marginal benefit:
The workers' surplus for having a job at employment agency j, H i,t (j), in the commodity sector is
where V X,t (j) is the value of employment for a new worker at employment agency j at time t, and U X,t is the value of unemployment. Since
it follows that
That is, for an unemployed worker, the expected payoff of searching for jobs in the three sectors must be equal. As in the tradable and non-tradable sectors, employment agencies and workers in the commodity sector negotiate a nominal wage W X,t (j) to maximize the joint product of the workers' surplus H X,t (j) and the employment agencies' surplus J X,t (j). However, every period, each employment agency has only a fixed probability 1 − λ X to negotiate with workers. Thus, the Nash bargaining problem between employment agencies and workers is
where π is the steady-state inflation rate.
Modifications in the tradable and non-tradable sectors
It is assumed that a commodity is used as an input in the production of tradable and non-tradable goods, and the production functions for tradable and non-tradable sectors are modified as follows:
where i = T, N. The one-period profit function for entrepreneur j in the tradable and non-tradable sectors is modified as follows:
and the demand for a commodity is given by
Variance decomposition with the presence of a commodity price shock
In this section, I simulate the modified model and compute the variance decomposition for unemployment, based on that model. For most of the parameter values and shock processes, I use the estimated modes from the baseline model. For the parameter values related to the commodity sector, however, I rely on the calibrated values in Dib (2008) . Table 13 reports the calibrated values. I introduce three new shocks in the modified model: a commodity price shock, a natural resource shock and an investment-specific shock in the commodity sector. For the first two shocks, I use the estimates in Dib (2008) . I set the persistence and standard deviation of the commodity price shock at 0.86 and 0.04, respectively, and the persistence and standard deviation of the natural resource shock at 0.64 and 0.06. For the investment-specific shock in the commodity sector, I set its autoregressive coefficient and standard deviation at 0.66 and 0.0023, the same values for the tradable sector in the baseline model. Table 14 reports the unconditional forecast error variance decomposition of the key macro variables for the modified model. It is interesting to note that the commodity price and foreign interest rate shocks seem to replace the role of technology shocks -the contribution of the technology shocks to the key variables is very limited. The role of the financial wealth shocks in the tradable sector is also significantly reduced. For unemployment fluctuations, in the modified model, foreign interest rate and commodity price shocks explain almost 60 per cent of the variations. Financial shocks in the non-tradable sector still remain relatively important, explaining about 16 per cent of the variations in unemployment. Elasticity in matches to unemployment 0.5 Are sector-specific shocks important in shaping unemployment fluctuations in the Canadian labour market? The analysis in this paper suggests that they are. In the paper I introduce a segmented labour market structure into a small open-economy model with financial and labour market frictions. Estimation results suggest that there is a lot of heterogeneity across sectors: compared to the non-tradable sector, prices are more rigid but wages are more flexible in the tradable sector. Moreover, the tradable sector observes external financial costs as being less responsive to firms' balance-sheet position. Shocks are different at the sectoral level. Compared to the non-tradable sector, both the technology and financial wealth shocks in the tradable sector are more volatile but less persistent. I find that the financial wealth shocks in the two sectors are the most important shocks for explaining the unemployment fluctuations in the Canadian labour market. In the short run, the financial wealth shock in the tradable sector plays a greater role -explaining about half of the unemployment variations. In the long run, the fluctuations in unemployment are mainly driven by the financial wealth shock in the non-tradable sector.
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With the structural estimation, however, the effects of a particular shock depend on the data used to identify the shock, and the other shocks included in the model. It is interesting to note that, if the benchmark model is estimated using the pre-financial crisis subsample, the resulting financial wealth shocks in both sectors are much less volatile and account for much less fluctuation in aggregate unemployment. It is also interesting to note that once the model is extended and a commodity price shock is included, the contributions of the financial wealth shocks are reduced, although they still account for almost 20 per cent of the unemployment volatility. The results of the extended model, however, are based on calibration. A variance decomposition based on estimation would provide a more rigorous analysis. I leave this to future research. 
